The aortic wall structure of genetically determined hypercholesterolaemic (Yoshida) and control (Brown-Norway) rats was investigated by transmission and scanning electron and light microscopy. Leucocyte adherence mostly at branch sites and irregular protrusive structures were observed on the endothelial surface of the thoracic aorta of Yoshida, but not of Brown-Norway rats. The subendothelial space of the aortic wall of Yoshida rats was characterized by intimal cushions consisting of smooth muscle cells of 'synthetic phenotype' associated with adhering leucocytes and lipid droplets. Lipid infiltration of the cytoplasm of medial smooth muscle cells was observed on the inner part of the aortic arch and on the lateral parts of the large branches of Yoshida rats. This model of spontaneously hyperlipidaemic Yoshida rats is an appropriate 'moderate' injury system, which may be useful for studies of multiple risk factors for atherogenesis.
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The aortic wall structure of genetically determined hypercholesterolaemic (Yoshida) and control (Brown-Norway) rats was investigated by transmission and scanning electron and light microscopy. Leucocyte adherence mostly at branch sites and irregular protrusive structures were observed on the endothelial surface of the thoracic aorta of Yoshida, but not of Brown-Norway rats. The subendothelial space of the aortic wall of Yoshida rats was characterized by intimal cushions consisting of smooth muscle cells of 'synthetic phenotype' associated with adhering leucocytes and lipid droplets. Lipid infiltration of the cytoplasm of medial smooth muscle cells was observed on the inner part of the aortic arch and on the lateral parts of the large branches of Yoshida rats. This model of spontaneously hyperlipidaemic Yoshida rats is an appropriate 'moderate' injury system, which may be useful for studies of multiple risk factors for atherogenesis.
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Experimental atherosclerosis is commonly induced in animals by addition of cholesterol and other lipids to the diet. Such models have contributed substantially to our understanding of the atherogenic process, but there is concern that they do not faithfully portray the human disease process [Stehbens 1986 ). For this reason, animals developing spontaneous hyperlipidaemia are of special interest for investigation as alternative models in atherosclerosis research. Rats are generally considered to be resistant to naturally occurring, as well as experimentally induced atherosclerosis (Ritskes-Hoitinga &. Beynen 1988). Special strains of rats with increased susceptibility to atherogenesis have recently been developed in order to reproduce the apects of human atherosclerosis (Imai et al. 1977 , Muller et al. 1979 , Cardona-Sanclemente et al. 1987 , Fantappie et al. 1989 ). However, high levels of lipids sometimes are not sufficient to induce advanced vascular lesions, as it was reported for widely-spread models of genetically hyperlipidaemic obese rats such as fatty Zucker and LAIN-corpulent (Amy et al. 1988) .
. The purpose of the present study is to confirm whether genetically induced hypercholesterolaemia in Yoshida rats (Fantappie et al. 1992) can cause pathological changes in the vascular wall. We report here the peculiar morphological features observed in the thoracic aorta due to hypercholesterolaemia in Yoshida rats.
Materials and methods
Animals
Eight 16-24 month-old male normocholesterolaemic (total cholesterol = 70±4mg/dl) Brown-Norway [BN) rats and 8 genetically hypercholesterolaemic (total cholesterol = 240 ± 43 mg/dlj Yoshida (YOS)rats (Charles River, Calco, Como, Italy) were used.
The animals were housed in metal cages (200x 600 x 850 mm), 3 animals/cage, in an open system at 21°C with a light cycle of 12h (artificial light) starting at 8 a.m. All animals since the age of 6 months were fed a hypocaloric diet, containing crude protein (16%), crude fat [2.5%}, crude fibres (7.5%), distributed by Charles River [Calco, Italy). All rats were fed approximately 40 g of diet daily, with tap water ad libitum.
This work was performed according to the Guidelines for the use of Animals in Biomedical Research (Thromb. Haemost., 58: 1078-1084, 1987) .
Morphological examination
Rats were anaesthetized with sodium pentobarbitone (Nembutal; 40 mg/kg rat, intraperitoneally) followed by perfusion with 2.5% glutaraldehyde in phosphate buffered salines (PBS,pH 7.4) via cannula inserted into the left ventricle.
Light and transmission electron microscopy (TEM)
The specimens, fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) were postfixed in 1% osmium tetroxide for 1h, dehydrated and embedded in Araldite®. Semithin sections were cut, stained with methylene blue and examined using Zeiss Axiophot microscope. Ultrathin sections were cut and prestained with uranyl acetate and Reynolds citrate. The specimens were examined using a Zeiss-l09 Transmission Electron Microscope.
Scanning electron microscopy (SEM)
Aortic segments were fixed overnight at 4°C with 2.5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) postfixed in 1% osmium tetroxide for 1 h, followed by washing in PBS, stained with 1% tannic acid for 30 min, dehydrated through graded alcohols, 2 changes of acetone for 5 min and dried using the critical point method with the HCP-2 Critical Point Drying System (Hitachi, Tokyo, Japan). The specimens were mounted on stubs and coated with gold plate by a JFC-llOO Sputterer (Hitachi, Tokyo, Japan). The specimens were examined using scanning electron microscope Hitachi S-570 [Tokyo, Japan). 
•
Results
Endothelium
The endothelial monolayer of the thoracic aorta of BN rats had a typical cobble-stone appearance; no blood cells of any type could be observed on its surface.
Endothelial cells of the aorta of YOS rats were sometimes desquamated and covered with fibrin deposits. The endothelial surface of YOS rat aortas was also covered with lipid droplets of different sizes (Fig. 1) and occasionally with adherent leucocytes. Numerous leucocytes were observed in particular on the endothelial surface at the branch regions (in the proximal and lateral parts) [Fig. 2 ). Quite often, irregular protusive structures on the endothelial surface, associated with adherent leucocytes and lipid droplets, were observed ( Fig. 31 .
Subendothelial intima
The subendothelial space in the aorta of BN rats was very thick and contained a small amount of extracellular matrix. We did not observe any cells in the subendothelial space.
Intimal cushions were found in the aortic wall of YOS rats, usually associated with adherent blood cells and lipid droplets (Fig. 4) . The thickened intima contained several smooth muscle cells (SMC) usually forming one layer under the endothelium. SMC in the intimal cushions were of synthetic phenotype (with numerous mitochondria and a well-developed endoplasmic reticulum) (Fig.5) . Macrophages, as components of the cushions, were very rarely observed. The internal elastic lamina was sometimes disrupted under the cushions and cells penetrating from the medial layer could be seen as well.
Medial layer
The media in BN rats consisted of layers of smooth muscle cells, separated by elastic laminas. The main part of the cytoplasm contained bundles of myofilaments and dense bodies ('contractile' phenotype of the SMC). The cytoplasm of medial SMC in the aorta of YOS rats occasionally contained lipid deposits, localized mainly in the peripheral area of the cells (Fig. 6 ). However, lipid infiltration of medial SMC was much more expressed at the inner part of the aortic arch and on the lateral parts of the large branches, rather than in other areas.
Adventitia11ayer
The adventitial layer was characterized by accumulation of lipid droplets of different size (up to 60/Lm) among the connective tissue fibres (Fig. 7) .
Discussion
We observedspontaneous lesions in the arterial wall of genetically hypercholesterolaemic YOS rats. These lesions consisted of leucocyte adherence, intimal thickening and lipid deposition in the cytoplasm of SMC, which are characteristic of atherosclerotic lesions in humans and animals (Ross 1993 ). Spontaneous lesions have been occasionally observed in rats fed a 'normal' diet without genetic predisposition to atherogenesis (Ritskes-Hoitinga &. Beynen 1988). However, these lesions were mild compared with the arterial lesions (involving the internal elastic lamina and the intima) observed in rats with spontaneous hypertension (Campbell &. Mosse 1986) or in hypercholesterolaemia (Peric-Golia &. Peric-Golia 1983 , Wexler 1979 . The structure and characteristics of such kinds of lesions appeared to be similar to those we have described. Thus, YOS rats are characterized not only by functional (Fantappie et a1. 1992) , but also by morphological changes of the vessel wall.
Arterial lesions in spontaneous hyperlipidaemic rats are usually associated with little or even no fat deposits (Perie-Golia &. Peric-Golia 1983 , Wexler 1979 ). We did not find lipids in the cytoplasm of SMC in the intimal thickening, although it was characteristic for the medial SMC at the inner part of the aortic arch and at lateral areas of the large branches. In other words, lipid infiltration in the cytoplasm of the medial SMC was located mainly in the regions of low shear stress and could be favoured by the increased permeability of the endothelium in these regions. For the same reason increased leucocyte adherence was observed in the lateral zones of the ostium region, which are considered to provide optimal conditions for the adhesion of blood cells and penetration of plasma macromolecules in the vessel wall [Glagov et a1. 1988 ).
In conclusion, the availability of animal models of genetically-determined hyperlipidaemia is one of the major problems in the study of the effects and mechanisms of action of hypolipidaemie drugs. The studies presented here suggest that this model of spontaneously hyperlipidaemic Yoshida rats is an appropriate 'moderate' injury system, which can be useful for studies of multiple risk factors of atherosclerosis such as hypertension or diabetes mellitus.
